Pain is underdetected and undertreated in people with dementia. We aimed to investigate the prevalence of pain in people with dementia admitted to general hospitals and explore the association between pain and behavioural and psychiatric symptoms of dementia (BPSD). We conducted a longitudinal cohort study of 230 people, aged above 70, with dementia and unplanned medical admissions to 2 UK hospitals. Participants were assessed at baseline and every 4 days for self-reported pain (yes/no question and FACES scale) and observed pain (Pain Assessment in Advanced Dementia scale [PAINAD]) at movement and at rest, for agitation (Cohen-Mansfield Agitating Inventory [CMAI]) and BPSD (Behavioural Pathology in Alzheimer Disease Scale [BEHAVE-AD]). On admission, 27% of participants self-reported pain rising to 39% on at least 1 occasion during admission. Half of them were able to complete the FACES scale, this proportion decreasing with more severe dementia. Using the PAINAD, 19% had pain at rest and 57% had pain on movement on at least 1 occasion (in 16%, this was persistent throughout the admission). In controlled analyses, pain was not associated with CMAI scores but was strongly associated with total BEHAVE-AD scores, both when pain was assessed on movement (b 5 0.20, 95% confidence interval [CI] 5 0.07-0.32, P 5 0.002) and at rest (b 5 0.41, 95% CI 5 0.14-0.69, P 5 0.003). The association was the strongest for aggression and anxiety. Pain was common in people with dementia admitted to the acute hospital and associated with BPSD. Improved pain management may reduce distressing behaviours and improve the quality of hospital care for people with dementia.
Introduction
Pain is commonly underdetected and undertreated in people with dementia 20, 34, 47 who may be unable to understand 37 or verbalise 44 that they are in pain. Previous studies have focussed on community samples and care home residents 49, 54 and have found that pain affects up to half of people with dementia in these settings. 48, 52 Little attention has been given to pain in people with dementia in the general hospital, despite the fact that dementia is common in older hospital inpatients, with a prevalence on medical wards of around 40%. 33, 42 Identifying pain in people with dementia is vital because poor pain recognition and management slows recovery, increases functional decline, and may be associated with behavioural and psychiatric symptoms of dementia (BPSD). 22, 44 These symptoms are common and affect up to 85% of people with dementia over a 5-year period. 51 They comprise a range of problems including agitation, psychotic symptoms (hallucinations and delusions), wandering, aggression, mood disturbance, and apathy. Agitation is a particularly distressing symptom, which has been defined as "inappropriate verbal, vocal, or motor activity that is not judged by an outside observer to result directly from the need or confusion of the individual" 11 and includes behaviours such as screaming, hitting, and pacing. However, causes of BPSD are often complex, multifactorial, and associated with genetic factors, neurodegenerative changes, and unmet needs, such as unrecognized pain. 31 Psychiatric symptoms of dementia significantly increase costs of care, 36 decrease quality of life of the person with dementia, 21 and increase caregiver burden and depression. 9 A number of recent studies have examined the association between pain and BPSD. 22, 26, 54 When in pain, a person with dementia may respond with agitation, resistiveness to care, depression, or withdrawal. 41, 54 This association is, however, complex. Some observational pain scales are sensitive in detecting pain in people with dementia but have a high false-positive rate and may actually detect changes in behaviour caused by fear, frustration, or anger. 28 In the general hospital, other factors such as delirium and the confusing ward environment may increase the risk of BPSD occurring 2 and make the detection and management of pain more challenging.
It is not clear whether particular types of BPSD are more likely to be associated with pain in the general hospital setting. Studies conducted in care homes have found socially inappropriate behaviour, resisting care, delusions, and reduced wandering are significantly associated, 54 whereas others have identified aggression and agitation as being strongly associated with pain. 1 A first step in improving the identification and management of pain in people with dementia in general hospitals is to identify its prevalence and understand the key clinical and behavioural associations.
Our aim was to define the prevalence of pain using self-rated and observational pain scales in people with dementia in the general hospital. We also wished to examine demographic and clinical factors associated with pain in this population and to explore a hypothesised association between pain and BPSD, including agitation in this setting.
Methods
This longitudinal cohort study was conducted in 2 large acute general hospitals in London, United Kingdom. Both cover a wide area encompassing socioeconomic and ethnic diversity, serving a combined population of 2 million people.
Participants
Two research assistants spent 5 months at each site (4th April 2011 until 6th March 2012), assessing within 72 hours of admission, all patients admitted with any type of medical problem under the care of geriatricians. Clinical staff identified patients who met the inclusion criteria: (1) Age 70 years or above with an unplanned acute medical admission (2) Able to give written informed consent or with an informal carer or "professional consultee" available to give agreement for the person to participate (3) Abbreviated Mental Test Score (AMTS 19 ) of #7/10 (routinely measured on admission). We excluded patients who indicated verbally or nonverbally that they did not wish to participate, were moribund, or nonEnglish speaking.
Potential participants were screened for delirium using the Confusion Assessment Method (CAM). 25 Those who were not delirious were consented or agreement was obtained from a carer and assessed using the Mini Mental State Examination (MMSE). 16 If they scored #24, they entered the study. Patients with initial delirium were rescreened 48 hours later, if this resolved, we completed the MMSE. If delirium was persistent, patients were ineligible as we could not establish a clear dementia diagnosis. However, those with delirium who already had a documented specialist dementia diagnosis (neurology, geriatrics, old age psychiatry) were eligible. Dementia diagnosis was confirmed using a structured clinical assessment based on operationalised DSM-IV criteria, 3 comprising cognitive testing (MMSE), structured notes review, and discussion with family and the clinical team.
Study measures
Dementia severity was measured using the Functional Assessment Staging Scale (FAST). 39 Presenting medical problem at admission, Charlson Co-morbidity Score, 7 Waterlow score, 57 and demographics were obtained from medical notes. Drug charts were examined at baseline and at every study visit for the prescription of analgesics, we documented the type of drug and whether it was prescribed on a regular or "as-required" basis. The Pain Assessment in Advanced Dementia scale (PAINAD) was rated first. 56 This observational tool comprises 5 domains (breathing, negative vocalisations, facial expression, body language, and consolability) each scored by severity from 0 to 2 points (maximum 10). Pain was observed during movement (care task such as repositioning in bed or standing from chair) and at rest. Assessors received training in the use of all tools and interrater reliability for the PAINAD for 35 random cases at rest ranged from 94.3% to 100% (k 5 0.64-1.00), and at movement 85.3% to 97.1% (k 5 0.64-0.84). A cutoff of $2 on the PAINAD was used to indicate the presence of pain.
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For self-reported pain, participants were shown and read a piece of paper printed in large type with the question "Are you in pain?" They were asked to answer "yes" or "no" or indicate these responses by pointing at the paper. They were then shown the Wong-Baker FACES scale, line drawings of 7 faces indicating increasing amounts of pain. 18 After pain assessment, agitation was assessed by a different research assistant. The Cohen-Mansfield Agitation Inventory (CMAI) is a scale describing 29 agitated behaviours, each of which is rated on a 7-point frequency scale, from 1 indicating not present to 7 indicating several times an hour. 10 The range is from 29 to 203 with a cutoff score of 39 and above indicating clinically significant agitation. 4 We also used the Behavioural Pathology in Alzheimer Disease Scale (BEHAVE-AD). 40 This rates 7 domains: paranoid and delusional ideation, hallucinations, activity disturbances, aggressiveness, diurnal rhythm disturbance, affective disturbance, and anxieties and phobias. Scores are generated for the presence or absence (0/1) and severity of symptoms (0 5 none, 1 5 mild, 2 5 moderate, and 3 5 severe) (maximum score 5 75). To complete the CMAI and the BEHAVE-AD, we observed the participants and gathered information from a range of sources including discussions with families, ward staff, and hospital notes. Data were collected at study entry and then every 4 (61) days for pain and BPSD, until discharge, death, or "awaiting placement" in a care home.
Sample size
We could not find any previous studies of pain prevalence in people with dementia in acute medical wards. Using a predicted prevalence of pain of 55% from a care home sample of people with dementia, 50 we calculated that 250 participants would ensure a 95% confidence interval for pain prevalence with 6% precision. For our analyses exploring the association between pain and agitation, we took data from a study of pain in people with dementia that used the CMAI. 49 To analyse the hypothesised association between pain and BPSD, we use repeated measures (every 4 6 1 days). Power depends on the correlation between measurements, which we are unable to predict. We can calculate a conservative estimate by considering a perfect correlation between repeated measurements (r 5 1). Shega et al. 49 reported a mean CMAI score of 50.5 and 42.5 in patients with and without pain, respectively (standard deviation 18.9). Assuming the presence of pain in 55% of our sample, 50 the power to detect a significant difference with 250 patients would be 91%.
Data analysis
We calculated estimates of prevalence with 95% confidence intervals (CI) for pain (self-reported, or observed using PAINAD at rest and on movement) at study entry, at any time during the admission, and over all study assessments (n 5 965). Generalised estimating equations (GEE) were used to compute prevalence and 95% confidence intervals over all assessments during the admission, to take into account repeated measurements within participants. "Persistent pain" was defined as present in participants who were assessed 3 or more times (the median number of assessments per participant in this project) if pain was recorded on at least 75% of their study assessments. We created the variable "undetected pain" for those in whom we recorded any pain throughout admission, on movement or at rest, and no analgesics were prescribed. If they were prescribed analgesia, this was defined as "detected pain." 50 We tested for associations between demographic and clinical characteristics of the participants and the presence of pain during admission using x 2 or Fisher's exact test, as appropriate.
We examined the association between PAINAD score and the total CMAI, and then BEHAVE-AD total scores using GEEs with exchangeable correlation structures and robust standard errors. For pain during movement, we first examined the crude association, and then adjusted for potential confounders of the association between pain and BPSD: age, gender, FAST score, comorbidity and acute illness (cause of admission), and hospital site. For comparison, we repeated the fully controlled analysis for pain at rest. Because delirium is associated with behavioural disturbance, we repeated this analysis excluding participants with delirium as a sensitivity analysis.
The association between pain and BPSD measures could occur because observational pain scales capture symptoms of distress 29 ie, there is possible overlap between some items included in both behavioural and pain scales. Because of the potential overlap in symptoms used by both scales, we conducted a sensitivity analysis, whereby a 4-member independent panel examined each item on the PAINAD and BEHAVE-AD for duplication. All agreed that 3 items were duplicated by the BEHAVE-AD (D16-verbal outbursts, D17-physical threats, and F20-tearfulness); 3 of 4 raters agreed that there was duplication on 2 items (C14-pacing and purposeless activity and F21-depressed mood). The GEE models were therefore repeated with all 5 duplicate items removed.
Ethical issues
Our consent procedure followed the England and Wales Mental Capacity Act (2005) . If a participant agreed and had capacity, we obtained written informed consent. If they did not have capacity, we identified a personal consultee to give agreement. This could be given verbally over the telephone, and the consultee was posted an agreement form to sign and return. If forms were not returned, participants' data were destroyed. If we could not contact a personal consultee within 48 hours of screening, a professional consultee (senior member of a clinical team not directly involved in research or patient care) gave agreement. See Ref. 46 for a detailed description.
Results
We screened 1612 potential participants (Fig. 1) . The most common reasons for exclusion were MMSE score of .24 or AMTS score .7 or patients being discharged before they could be assessed. Of 292 assessed, 62 were excluded because they did not fulfil the inclusion criteria or because carers who gave telephone agreement did not return signed forms, giving 230 participants recruited to the study (117 from hospital 1 and 113 from hospital 2). The median length of admission was 12 days (range, 2-72; interquartile range [IQR] 7-23) with a median of 3 study assessments per participant (range, 1-20; IQR 2-5). No participants dropped out during the study. There were no significant differences between participants from hospital sites 1 and 2 with respect to gender, proportion with a previous dementia diagnosis, usual residence, or Charlson score. Hospital 1 participants were significantly older (t 5 22.26, P 5 0.025) and more were of white British origin (82.0% at hospital 1 vs 69.0% at hospital 2, x 2 5 25.9, P 5 0.004). Demographic and clinical features of the cohort and the frequency of BPSD are given in Table 1 .
Prevalence and detection of pain
Only half of the participants (55.2%) could use the Wong-Baker FACES pain scale at baseline. Of those who could use the FACES scale, at baseline, 41% rated themselves as "very happy," 9% as "hurts just a little bit," 17% as "hurts a little more," 17% as "hurts even more," 8% as "hurts a whole lot," and 7% as "hurts as much as you can imagine."
Ability to use the FACES pain scale was significantly associated with dementia severity; 80.2% at FAST stage 3 to 5, 69.2% at FAST stage 6a-6c, 40.5% at FAST stage 6d-e, and only 3.2% of those at FAST stage 7 could use the scale (Fisher's exact test 5 65.2 P , 0.001). Therefore, we did not conduct further analyses using the FACES scale data.
At baseline assessment, 27.0% of participants self-reported that they were in pain. Using the PAINAD scale, 9.6% had pain at rest and 42.4% had pain on movement. Over the whole admission, 38.5% self-reported pain on at least 1 occasion; and on the PAINAD scale, 18.7% had pain during rest and 57.0% had observed pain during movement ( Table 2 ). There were 138 participants with 3 or more assessments. These patients had a mean length of admission of 24.6 days (SD 15.6), a median admission of 19 days (IQR 13-32), and 15.6% of these had persistent pain on movement.
Few demographic or clinical factors were associated with selfreported pain, however, pain on movement and at rest was significantly associated with increasing age, having delirium on admission, and dying during hospital stay ( Table 3) .
Prescription of analgesic medication
Analgesics were prescribed for 174 (76%) participants during their admission. At the first study assessment (baseline), 70% of participants were prescribed regular or as-required paracetamol and 33% regular or as-required opiates ( Table 4) . During admission, 18% of participants had changes made to their analgesia; prescribing of as-required paracetamol and regular opiates increased. Among those who experienced pain during admission, 12% were not prescribed analgesics.
Prevalence of agitation and other psychiatric symptoms of dementia
The median score on the CMAI, at the first assessment was 31.0 (IQR [29] [30] [31] [32] [33] [34] [35] . The median CMAI score for all study visits was 30.5 (IQR [29] [30] [31] [32] [33] [34] [35] , and the mean 33.0 (SD 5.5) and 24.8% of participants scored above the cutoff score (39 and above) indicating they had clinically significant agitation 4 on at least 1 occasion during their admission. Psychiatric symptoms of dementia were experienced by 75% of participants during their admission as measured on the BEHAVE-AD scale, the commonest symptoms being aggression, activity, and sleep disturbance ( Table 1) . See Ref. 43 for further information on the prevalence of BPSD in this population.
Association between pain, agitation, and other psychiatric symptoms of dementia
We found no significant association between pain and agitation, as measured by the CMAI. However, there was significant association between the total BEHAVE-AD score and pain at movement and at rest. This association remained significant after controlling for age, gender, hospital site, FAST score, Charlson score, and reason for admission, and also after excluding patients with delirium ( Table 5) . For particular BPSD, in controlled analyses, we found that aggression and phobia or anxiety were associated with pain at movement and at rest. On excluding items that overlapped between the PAINAD and the BEHAVE-AD (see Methods), we found that the association between Pain and the BEHAVE-AD Scale remained significant in uncontrolled analysis and in controlled analyses examining pain at rest ( Table 5 ).
Discussion
More than one-third of people with dementia reported pain at some time during admission, similar to community-dwelling older people and nursing home residents with dementia -33%) . 27, 35, 38, 54 Pain prevalence rose when assessed by observation using the PAINAD; 57% had pain on movement at some time during their admission, and in 16%, this was persistent, occurring throughout their stay in hospital. This finding illustrates how self-report may lead to underestimation of pain in people with dementia and the importance of careful observation for pain at rest and during movement. Many participants could not use the FACES pain scale, which is widely used in UK hospitals; this supports findings from care homes where only 36% of residents can correctly use selfassessment pain scales. 8 Only older age was associated with increased prevalence of self-reported and observed pain (on movement and at rest). Those admitted with "falls, fracture, or pain" or "cardiac" events had lower pain prevalence. This may occur because clinicians perceive these to be potentially painful conditions and prescribe accordingly, but they may not consider "infections" to be painful conditions. The lack of clear proxy markers or associations with pain highlights the need for individual detailed pain assessment in the general hospital. 49 The association between pain and BPSD has previously been demonstrated in care homes 1, 54 but not in general hospitals. There was no association with agitated behaviours in general (as measured by the CMAI), but we did find a consistent association between total BEHAVE-AD scores, and the BEHAVE-AD subscale scores of aggression and anxiety with pain, both at movement and at rest.
The literature on whether pain is associated with agitation in people with dementia is inconsistent. Volicer et al. 55 found in a longitudinal study of 2032 Dutch nursing home residents that pain was not highly related to agitation and pain scores did not change in proportion to agitation scores. Other studies have found an association between agitation (measured on the CMAI) and pain in community-dwelling people with dementia; for every 1-point increase on the CMAI, there was a 3% increase in the likelihood of caregivers reporting pain (OR 1.03, 95% CI 5 1.00-1.06, P 5 0.049). 49 There are a number of reasons why these findings are inconsistent. The mean CMAI score in our population was lower than that found in other studies in community settings 49 or in care homes. 24 This may have occurred because our study participants were unwell, likely to be restricted to bed or chair and thus less able to express many of the behaviours listed in the CMAI, for example "pacing" or "trying to get to a different place." In addition, "agitation" is a nonspecific and overarching term, and agitation scales such as the CMAI contain a wide range of items. It may be that specific types of agitation, such as "constant requests for attention" or "making strange noises," are more strongly associated with pain. 12, 13 Our finding of a strong association between pain and aggression, on the BEHAVE-AD, is more consistent with previous work. 1, 32 In support of this finding is the fact that pain severity has been found to be associated with the increasing frequency of aggressive behaviour. 1 It could be argued that when aggression occurs during movement, this is not just a reaction to pain but also fear or distress at the movement intervention itself. However, we found a strong association between observations of aggressive behaviour, which, on the BEHAVE-AD scale, includes "verbal outbursts" or "physical threats or other threatening behaviour" including "unaccustomed use of foul or abusive language" and pain at rest suggesting that this association is not just caused by resistance to, or rejection of care.
We also found a strong association between anxiety, as measured on the BEHAVE-AD and pain, in controlled analyses and at movement and at rest, and between pain and affective symptoms at rest. This concurs with the findings from other studies. 23 However, when pain is treated in people with dementia, although depression scores improve, anxiety does not. 23 The way the BEHAVE-AD scale measures anxiety may have influenced this finding. The anxiety subscale uses nonspecific items that may indicate verbal agitation rather than diagnose an anxiety syndrome. In studies that use specific and validated anxiety tools, correlations between anxiety and pain are less strong. 45 We found no significant association between pain and "activity disturbance"; other studies have also found that the association between pain and BPSD is stronger for behaviours, which do not require ambulation and that pain is negatively associated with behaviours such as wandering. Table 3 Associations between demographic and clinical characteristics and pain in 230 older people with unplanned acute medical admission. Female  62  38  80  20  39  61  Male  60  40  84  16  51 Prevalence of pain in 230 older people with dementia and unplanned acute medical admission.
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Pain
Time during admission, number (%)
At baseline, n 5 230 At least once during admission, n 5 230 All assessments n 5 965* Persistent, n 5 138 † 
Strengths and limitations
It is likely that our cohort was representative and our results can be generalised. 43 The prevalence of dementia and of BPSD are similar to those reported in other studies in this setting. 17, 42 Diagnosing dementia in the general hospital is challenging, but is important as many have not received a previous diagnosis. To reduce the risk of misclassification, we only diagnosed new cases of dementia in the absence of delirium, screening with the "maximum sensitivity" version of the CAM.
The acute hospital is a complex research environment, patients frequently move through wards and staff rotate. We attempted to overcome reporting bias by gathering information from numerous sources: family carers, our own observations, and medical and nursing notes. Recall bias may have led to over-reporting of "troublesome" behaviours. Our study has the strength of being based on primary data collection using repeated observations throughout the whole hospital admission, by trained research staff. We controlled for a range of potential confounders, including delirium, but residual confounding may have occurred, in particular, mood can influence the association between pain and anxiety. 45 We conducted multiple analyses, and some significant findings may be due to chance.
Observational pain tools have been criticised. 29 The PAINAD has a high false-positive rate in care homes and is highly sensitive but may have low specificity. 28 Thus, our findings may overestimate the prevalence of pain. Observational pain tools may detect distress or other unmet needs caused by constipation or urinary symptoms or low mood or boredom. 29 However, it has been validated in the general hospital, has high concurrent validity against self-reported pain, 15 has discriminant validity, 15 and has construct validity 6 ; and we found good interrater reliability. 43 In addition, we observed for pain at movement and at rest. The association between the total BEHAVE-AD score and pain persisted after sensitivity analysis where we removed items from the PAINAD that overlapped with those in the BEHAVE-AD scale.
Clinical implications
There is increasing public concern about the quality of care received by people with dementia in hospitals; they may be perceived as "resistive" and "difficult to manage" and prescribed inappropriate neuroleptic drugs. Some BPSD in the acute hospital may be due to underdetected and undermanaged pain. This then leads to a cycle whereby behavioural problems and rejection of care by the person with dementia can lead to dysfunctional coping in staff, 14 increasing care burden and further alienating staff from the person with dementia.
The fact that pain may lead to behavioural disturbance is not controversial, 1 however, it is important to be precise and consider which specific behaviours are related to pain. This is vital in the stressful environment of the general hospital where staff may not have previous knowledge of the person with dementia. There may be a different behavioural "phenotype" of pain in this setting. Pain is particularly associated with aggression, even at rest.
Studies have highlighted lack of attention to depression in older people in hospital. 17 Our results suggest that mood may be a useful indicator of pain in this setting. Antidepressants are not particularly effective in dementia 5 ; however, a secondary analysis Table 5 Associations between pain and behavioural and psychiatric symptoms of dementia, using generalised estimating equations in 230 older people with dementia and unplanned acute medical admission. Prescription of analgesia to people with dementia during acute hospital admission. from a randomised controlled trial of pain treatment for BPSD showed that depressive symptoms significantly improved. 23 Thus, improved detection of low mood in general hospitals could lead to improved pain management. Enhancing pain assessment does not necessarily improve pain management. 59 We found that although 75% of participants were prescribed analgesics (mainly paracetamol), persistent pain was common, suggesting that as-required medication may not have been given or that pain symptoms may have been difficult to manage. Nonsteroidal anti-inflammatory drugs (NSAIDs) and opiates can have severe side effects in older people; NSAIDs have significant cardiac, gastrointestinal, and renal risks, whereas opiates can cause delirium and constipation. The clinical challenge is to balance these risks with those of undertreated pain and the distress that this can cause. There have been studies to optimise pain management and decrease BPSD in nursing homes, 30 and 1 trial has shown that behavioural problems, particularly verbal aggression, are improved by systematic pain management. 24 There have been no studies of such interventions in the general hospital. However, a number of barriers to improving pain management in hospitals have been identified, including poor knowledge of how to manage pain and irregular administration of as-required medications. 53 Improved pain management in hospitals would require complex interventions that both increase knowledge and facilitate the use of active implementation strategies. 53 Ethics Approval: This study was approved by the Central London research Ethics Committee 3, reference 10/H0716/79.
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